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1. INTRODUCTION
Low-dose aspirin, defined as 75 to 325 mg daily, is widely used 
for the primary and secondary prevention of cardiovascular 
events. Currently, approximately 36% of the adult US popu-
lation is estimated to take aspirin regularly for cardiovascular 
protection.1 However, due to its inhibition of prostaglandin syn-
thesis, direct cytotoxicity, and microvascular injury, aspirin is 

associated with upper gastrointestinal side effects ranging from 
troublesome symptoms to life-threatening peptic ulcer bleeding, 
perforation, and even death.2,3

Both upper gastrointestinal symptoms and gastroduode-
nal erosions are very common in low-dose aspirin users. The 
point prevalence rates of upper gastrointestinal symptoms and 
gastroduodenal erosions in low-dose aspirin users are approxi-
mately 31% and 60%, respectively.4,5 Most of low-dose aspirin-
related peptic ulcers are asymptomatic.6 A prospective study 
demonstrated that the 12-week cumulative incidence of endo-
scopic ulcers in low-dose aspirin users was 7%.7 Patients tak-
ing low-dose aspirin had two- to fourfold higher risk of serious 
ulcer complications than control.4 A large 5-year observational 
cohort study from Denmark showed that the annual incidence 
of hospitalization for upper gastrointestinal bleeding in low-
dose aspirin users was 0.6% per year.8

Acid inhibitors have been widely used to prevent gastro-
intestinal complications in low-dose aspirin users. Taha et al9 
reported that histamine-2 receptor antagonists (H2RAs) were 
effective in the prevention of gastric and duodenal ulcers, and 
erosive esophagitis in patients taking low-dose aspirin. In addi-
tion, a previous meta-analysis demonstrated that proton pump 
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inhibitors (PPIs) were also effective in preventing peptic ulcers, 
erosive esophagitis, and dyspeptic symptoms without increasing 
adverse events, cardiac risk, or mortality in long-term aspirin 
users.10 A recent randomized controlled trial found that vono-
prazan, a novel potassium-competitive acid blocker, was as 
effective as lansoprazole in preventing peptic ulcer recurrence 
during low-dose aspirin therapy, and that it had a similar long-
term safety profile and was well tolerated.11

Whether PPIs are superior to H2RAs in reducing the risk of 
gastrointestinal mucosal breaks, peptic ulcer, or upper gastroin-
testinal bleeding in high-risk users of low-dose aspirin remains 
controversial. In addition, the risk factors for gastrointestinal 
injury in low-dose aspirin users receiving co-therapy with acid 
inhibitors remain to be clarified. The aims of this study were (1) 
to investigate whether PPI is superior to H2RA in the prevention 
of mucosal breaks in high-risk users of low-dose aspirin and (2) 
to identify the risk factors for mucosal breaks in high-risk low-
dose aspirin users receiving co-therapy with PPI or H2RA.

2. METHODS

2.1. Study population
Patients who underwent endoscopy survey for dyspepsia or 
other complaints who had a past history of bleeding or non-
bleeding gastroduodenal ulcer proven by endoscopy at our 
hospital and took aspirin to prevent cerebral and cardiovascu-
lar events were screened. They were recruited for the study if 
they met the following criteria: initial endoscopic examination 
revealed normal appearance or pictures of gastritis only; they 
required long-term use of low-dose aspirin (75-325 mg) for 
cerebral or cardiovascular events; and they were adult patients 
aged >20 years. Patients were excluded if they had a history 
of gastric or duodenal surgery other than oversewing of a per-
foration; if they were allergic to omeprazole or famotidine; if 
their glomerular filtration rate <30 mL/min/1.73 m2; if they 
were pregnant; if they had active cancer, acute serious medical 
illness, or terminal illness; if they had Helicobacter pylori infec-
tion; if they have gastroesophageal reflux disease; and if they 
required long-term treatment with nonsteroidal anti-inflam-
matory drugs (NSAIDs), anticoagulant agents, or thienopyri-
dine (eg, clopidogrel and ticlopidine). The patients taking other 
antiplatelet agents (eg, persantin) were not excluded from this 
study. All patients received rapid urease test to assess H pylori 
status on screening endoscopy. Those with H pylori infection 
were excluded. The trial was approved by the Institutional 
Review Board of Kaohsiung Veterans General Hospital (No.: 
VGHKS13-CT10-11) in 2013.

2.2. Design
The eligible patients were randomly assigned to receive either 
(1) famotidine (20 mg bid) or (2) omeprazole (20 mg qd) for 
24 weeks. Randomization was performed with the use of a 
computer-generated list of random numbers. An independent 
staff member assigned the treatments according to consecutive 
numbers that were kept in sealed envelopes. Anticoagulants, 
cyclooxygenase-2 inhibitors, conventional NSAIDs, misopros-
tol, and sucralfate were prohibited. The administration of an 
antacid (Iwell, Everest, Taiwan) was permitted for the control of 
dyspeptic symptoms. Compliance with the regimen was assessed 
by counting the pills that were returned.

2.3. Follow-up
Patients were followed up as outpatients with visits every 2 
months. Gastrointestinal and cardiovascular symptoms were 
assessed at each visit. They were asked to return to the outpa-
tient clinic if they had persistent dyspeptic symptoms (epigastric 

pain, fullness, nausea, or vomiting) and visited the emergency 
room if they had evidences of gastrointestinal bleeding (hemate-
mesis, melena, or sudden onset of severe epigastric pain), cardio-
vascular events (chest pain, syncope, or sudden onset of severe 
palpitation), or cerebrovascular accidents (conscious distur-
bance, hemiparesis, or dysphagia). Follow-up endoscopy was 
performed whenever persistent dyspepsia, severe epigastric pain, 
hematemesis, or melena occurred and at the end of the sixth 
month. The endoscopists who performed follow-up endoscopy 
were unaware of the treatment group assignments.

2.4. End points
The primary end point was the incidence of gastroduodenal 
mucosal break. The secondary end points were (1) the incidence 
of peptic ulcer and (2) the incidence of gastroduodenal bleeding. 
A gastroduodenal mucosal break was defined as a well-defined 
mucosal loss in the stomach or duodenum. A peptic ulcer was 
defined as a circumscribed mucosal break at least 0.3 cm in 
diameter (measured using endoscopy forceps) and with a per-
ceptible depth in the stomach or duodenum.12 Gastroduodenal 
bleeding was defined as hematemesis or melena documented 
by the admitting physician, with ulcers/erosions bleeding in the 
stomach or duodenum confirmed on endoscopy, or a decrease in 
the hemoglobin level of at least 2 g/dL in the presence of endo-
scopically documented peptic ulcers or erosions in the 6-month 
study period.13 Poor drug compliance was defined as taking 
<80% of pills.

2.5. Statistical Analysis
Chi-square test with or without Yates correction for continuity 
and Fisher’s exact test were used when appropriate to com-
pare the outcomes between groups. SPSS software (version 
10.1, Chicago, IL, USA) was used for all statistical calcula-
tions. A p value of <0.05 was considered statistically signifi-
cant. All p values were two-sided. Before conducting the study, 
we had retrospectively reviewed the endoscopic findings of 20 
patients with low-dose aspirin use and famotidine co-therapy 
for at least 6 months. Additionally, the endoscopic findings of 
20 low-dose aspirin users who received omeprazole co-ther-
apy for at least 6 months were also investigated. The point 
incidences of gastroduodenal mucosal breaks in these patients 
with co-therapy by famotidine and omeprazole were 35.0% 
and 15.0%, respectively. We therefore estimated that at the 
end of 6 months, the primary end point (development of gas-
troduodenal mucosal break) would occur in 35% of patients 
in the famotidine group and 15% of patients in the omeprazole 
group. It was estimated that we required a minimum of 81 
patients in each treatment group to demonstrate an absolute 
difference of 20% with a type I error of 0.05 and a type II 
error of 0.2 in two sided tests, assuming 15% loss to receive 
follow-up endoscopy. Analysis was by intention-to-treat (ITT) 
and per-protocol (PP). The ITT population included all rand-
omized patients who receive at least one dose of study drug 
and underwent follow-up endoscopy. The PP analysis excluded 
the patients who had poor drug compliance.

To determine the independent factors affecting the develop-
ment of gastroduodenal mucosal break, clinical parameters 
were analyzed by univariate analysis. These variables include 
the following: age (<60 or ≥60 years); gender, history of smok-
ing, history of alcohol consumption (<80 or ≥80 g/d); ingestion 
of coffee (<1 cup/d or ≥1 cup/d); ingestion of tea (<1 cup/d or 
≥1 cup/d); and type of acid inhibitor (PPI or H2RA). Those vari-
ables found to be significant by univariate analysis were sub-
sequently assessed by a stepwise logistic regression method to 
identify independent factors for the development of gastroduo-
denal mucosal break.
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3. RESULTS

3.1. Patients
Between November 2013 and June 2018, we screened 202 
consecutive patients who had a past history of gastroduode-
nal ulcers and received long-term low-dose aspirin treatment, 
of whom 170 were recruited. They were randomly assigned to 
receive famotidine (n = 84) or omeprazole (n = 86). Among them, 
80 patients in the famotidine group and 81 patients in the ome-
prazole group undergoing follow-up endoscopy were included 
for ITT analysis. In the 161 patients receiving follow-up endos-
copy, 4 patients in the famotidine group and 3 patients in the 
omeprazole group were excluded from PP analysis because of 

poor drug compliance (taking <80% of pills; Fig. 1). Overall, 76 
patients in the famotidine group and 78 patients in the omepra-
zole group were included in the PP analysis. On enrollment, the 
two groups of patients had comparable age; gender; history of 
smoking; alcohol, coffee, and tea consumption; history of recent 
NSAID use; concomitant steroid use; type 2 diabetes mellitus; 
liver cirrhosis; and cerebral vascular disease (Table  1). Fig.  1 
summarizes the patient disposition.

3.2. Gastrointestinal injury
Among the patients receiving follow-up endoscopy, 27 subjects 
in the famotidine group (n = 80) and 16 subjects in the omepra-
zole group (n = 81) developed gastroduodenal mucosal breaks 

Fig. 1 Disposition of patients. ITT = intention-to-treat; NSAID = nonsteroidal anti-inflammatory drug; PP = per-protocol.
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(Table 2). ITT analysis showed that the famotidine group had 
a higher incidence of gastroduodenal mucosal breaks than the 
omeprazole group (33.8% vs 19.8%; difference: 14.0%; 95% 
CI: 0.4%-27.5%; p = 0.045). In the patients with good drug 
adherence, PP analysis demonstrated similar results (35.5% vs 
20.5%; difference: 15.0%; 95% CI: 0.9%-29.0%; p = 0.038; 
Table  2). Among the patients with gastroduodenal mucosal 
breaks shown in follow-up endoscopy, nine patients (33.3%) in 
the famotidine group (n = 27) and five patients (31.3%) in the 
omeprazole group (n = 16) did not report symptoms.

Among the patients receiving follow-up endoscopy, gastrodu-
odenal ulcer occurred in 16 subjects (20.0%) receiving famoti-
dine prophylaxis and in 8 subjects (9.8%) receiving omeprazole 
prophylaxis. ITT analysis revealed that the famotidine group 
had a slightly higher incidence of gastroduodenal ulcers than the 
omeprazole group, although this difference was not statistically 
significant in ITT analysis (difference: 10.2%; 95% CI: -0.6% 
to 21.0%; p = 0.071; Table 2). Peptic ulcer bleeding occurred in 
two patients (2.5%) in the famotidine group, but in none of the 
patients (0%) in the omeprazole group. There was no significant 
difference in the incidence of peptic ulcer bleeding between the 
two groups (p = 0.243).

3.3. Independent risk factors predicting the development 
of gastroduodenal mucosal break in high-risk users of low-
dose aspirin
Univariate analysis revealed that PPI use and history of smok-
ing were the two factors associated with the development of gas-
troduodenal mucosal break (p = 0.045 and 0.022, respectively; 
Table 3) in low-dose aspirin users with a history of peptic ulcer. 
Multivariate analysis showed that PPI use was an independent 
protective factor (odds ratio: 0.47; 95% CI: 0.23-0.99; p = 0.047) 
for the development of mucosal breaks. In contrast, smoking was 
an independent risk factor predicting the development of gas-
troduodenal mucosal break (odds ratio: 3.84; 95% CI: 1.52-9.71; 
p = 0.004) in high-risk users of low-dose aspirin (Table 4).

4. DISCUSSION
Low-dose aspirin is widely used because it reduces the risk of CV 
events and death in patients with coronary and cerebrovascular 
diseases and has the advantages of both low cost and long dura-
tion of antiplatelet action. However, low-dose aspirin therapy is 
associated with upper gastrointestinal side effects, which range 
from dyspepsia (point prevalence: 31%), gastroduodenal ero-
sions (point prevalence: 60%), endoscopic peptic ulcer (3-month 
incidence: 7%) to symptomatic or complicated ulcers (annual 
incidence of upper gastrointestinal bleeding: 0.6%; relative 
risk of upper gastrointestinal bleeding: 2.6).14,15 The FAMOUS 
(Famotidine for the Prevention of Ulcers in Users of Low-dose 
Aspirin) trial documented that H2RA is effective in the preven-
tion of peptic ulcers and erosive esophagitis in patients taking 
low-dose aspirin.9 In this study, we tested the hypothesis that 
PPI is superior to H2RA in the prevention of gastroduodenal 
mucosal break among low-dose aspirin users with a peptic ulcer 
history. The data showed that 33.8% of low-dose aspirin users 
with a peptic ulcer history who received famotidine prophylaxis 
still had a higher incidence of gastroduodenal mucosal break 
during a 6-month follow-up period. The high-risk users of low-
dose aspirin users receiving co-therapy with omeprazole had a 
lower incidence of gastroduodenal mucosal break (19.8%) than 
those receiving famotidine prophylaxis. Multivariate analysis 
verified that PPI use was an independent protective factor for 
the development of gastroduodenal mucosal break in low-dose 

Table 1

Demographic data of patients (n =170)

Characteristics
Famotidine  

(n = 84)
Omeprazole  

(n = 86) p 

Age, y (mean ± SD) 68.3 ± 9.5 67.6 ± 10.9 0.665
Sex   0.662
 Female 25 (29.8%) 23 (26.7%)  
 Male 59 (70.2%) 63 (73.3%)  
Smoking   0.886
 (−) 71 (84.5%) 72 (83.7%)  
 (+) 13 (15.5%) 14 (16.3%)  
Alcohol drinking   0.441
 (−) 80 (95.2%) 84 (97.7%)  
 (+) 4 (4.8%) 2 (2.3%)  
Ingestion of coffee   0.615
 (−) 71 (84.5%) 75 (87.2%)  
 (+) 13 (15.5%) 11 (17.2%)  
Ingestion of tea   0.326
 (−) 73 (86.9%) 70 (81.4%)  
 (+) 11 (13.1%) 16 (18.6%)  
Recent non aspirin NSAID use   1.000
 (−) 83 (98.8%) 85 (98.8%)  
 (+) 1 (1.2%) 1 (1.2%)  
Concomitant steroid   1.000
 (−) 84 (100%) 85 (98.8%)  
 (+) 0 (0%) 1 (1.2%)  
Coronary artery disease   0.828
 (−) 46 (54.8%) 47 (54.7%)  
 (+) 38 (45.2%) 39 (45.3%)  
Cerebrovascular disease   0.596
 (−) 73 (86.9%) 77 (89.5%)  
 (+) 11 (13.1%) 9 (10.5%)  
Chronic obstructive lung disease   1.000
 (−) 84 (100%) 85 (98.8%)  
 (+) 0 (0%) 1 (1.2%)  
Liver cirrhosis   1.000
 83 (98.2%) 86 (100%)  
 1 (1.1%) 0 (0%)  
Type 2 diabetes mellitus   0.828
 (−) 46 (54.8%) 48 (55.8%)  
 (+) 38 (45.2%) 38 (44.2%)  

NSAID = nonsteroidal anti-inflammatory drugs.

Table 2

Clinical outcomes of the patients receiving famotidine or  
omeprazole for the second prevention of aspirin-related  
gastrointestinal injury

Gastrointestinal injury
Famotidine  

group
Omeprazole  

group p (95% CI)

Gastroduodenal mucosal break
 Intention-to-treat analysis 27/80 (33.8%)

(23.4% to 44.2%)
16/81 (19.8%)

(11.1% to 28.5%)
0.045

 Per-protocol analysis 27/76 (35.5%)
(24.7% to 46.3%)

16/78 (20.5%)
(11.4% to 29.5%)

0.038

Gastroduodenal ulcer
 Intention-to-treat analysis 16/80 (20.0%)

(11.2% to 28.8%)
8/81 (9.8%)

(3.33% to 16.3%)
0.071

 Per-protocol analysis 16/76 (21.1%)
(11.9% to 30.3%)

8/78 (10.3%)
(3.55% to 17.0%)

0.065

Gastroduodenal bleeding  
 Intention-to-treat analysis 2/80 (2.5%)

(−0.9% to 5.9%)a
0/81 (0%) 0.471

 Per-protocol analysis 2/76 (2.6%)
(−0.9% to 6.2%)a

0/78 (0%) 0.465

aValues represent CI.
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aspirin users with an odds ratio of 0.47 (95% CI: 0.23-0.99). 
The data confirm our hypothesis that PPI is more effective than 
H2RA in the prevention of gastroduodenal mucosal break in 
low-dose aspirin users who have a peptic ulcer history.

In the current study, the omeprazole group had a lower 
incidence of gastroduodenal ulcers than the famotidine group 
(9.8% vs 20.0%); however, the difference was not statistically 
significant (p = 0.071). A recent randomized controlled trial 
by Chan et al also demonstrated that high-risk users of low-
dose aspirin receiving PPI had slightly lower recurrent bleeding 
and ulcers than those receiving low-dose aspirin and an H2RA 
(7.9% vs 12.4%), although these difference were also not statis-
tically significant (p = 0.26).16 With regard to upper gastrointes-
tinal bleeding, a case-control study by Lanas et al revealed that, 
compared with patients undergoing antiplatelet therapy without 
protective co-therapy, H2RAs could significantly reduce the risk 
of upper gastrointestinal bleeding in patients taking low-dose 

aspirin.17 Although the current study and the randomized con-
trolled trial by Chan et al showed similar efficacy of PPIs and 
H2RAs in reducing the risk of upper gastrointestinal bleeding 
in high-risk users of low-dose aspirin, a randomized controlled 
trial by Ng et al demonstrated that gastrointestinal bleeding was 
significantly more common in high-risk users of low-dose aspi-
rin receiving famotidine than in those receiving pantoprazole 
(7.7% vs 0%).16,18

The reported risk factors for upper gastrointestinal injury 
induced by low-dose aspirin include a history of bleeding pep-
tic ulcers, prior peptic ulcers, age >70 years, H pylori infection, 
and concomitant drug therapy with NSAIDs, other antiplatelet 
agents (eg, thienopyridine), or anticoagulants.4,8,19 In the current 
study, we found that smoking was an independent risk factor 
for the development of gastroduodenal mucosal breaks in in our 
patients with an odds ratio of 3.84 (95% CI: 1.52-9.71; p = 
0.004). Previous studies have reported that smoking is associ-
ated with the pathogenesis of peptic ulcer disease.20–22 Uemura 
et al23 also showed that smoking was a significant risk factor 
for peptic ulcers, although the exact mechanisms of smoking-
related gastroduodenal injury remains unclear. Previous studies 
have shown that smoking can increase gastric acid secretion, 
decrease bicarbonate secretion,24–27 and cigarette smoke is also 
known to be a significant generator of reactive oxygen species.28 
Tobacco smoke comprised >7000 chemical compounds and 
oxidative agents, and it contains 1014 to 1016 free radicals per 
puff.29 The reactive oxidative species induced by smoking may 
also contribute to the development of gastrointestinal mucosal 
injury.30

Our study had several limitations. First, some of the patients 
did not receive follow-up endoscopy. The patients without 
symptoms who refused follow-up endoscopy were regarded 
as no gastroduodenal lesions. Since gastroduodenal mucosal 
breaks or peptic ulcer may be asymptomatic, the number of 
gastroduodenal mucosal breaks or ulcer in this study might be 
underestimated in both groups. Second, our findings relate only 
to low-dose aspirin monotherapy and that this is not generaliz-
able to most patients taking dual antiplatelet therapy (low-dose 
aspirin plus clopidogrel).

In conclusion, PPI is superior to H2RA in the prevention of 
gastroduodenal mucosal break in low-dose aspirin users with 
a peptic ulcer history. Smoking is an independent risk factor 
for the developing gastroduodenal mucosal breaks in high-risk 
users of low-dose aspirin.
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